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Redesign mechanical partsAbstract Failure analysis inmechanical components has been investigated inmany studies in the last
few years. Failure analysis and prevention are important functions in all engineering disciplines.
Materials engineers are often the lead role in the analysis of failures, where a component or product
fails in service or if a failure occurs during manufacturing or production processing. In any case, one
must determine the cause of the failure to prevent future occurrences and/or to improve the perfor-
mance of the device, component or structure. For example, the vise jaw holders of hacksaws can break
due to accidental heavy loads or machine misuse. The parts that break are the stationary andmovable
vise jaw holders and the connecter power screw between the holders. To investigate the failure of these
components, a three-dimensional finite element model for stress analysis was performed. First, the
analysis identified the broken components of the hacksawmachine. In addition, the type of materials
of the broken parts was identified, a CADmodel was built, and the hacksawmechanismwas analyzed
to determine the accurate applied loads on the broken parts. After analyzing the model using Abaqus
CAE software, the results showed that the location of the high stresses was identical with the high-
stress locations in the original, broken parts. Furthermore, the power screw was subjected to a high
load, which deformed the power screw. Also, the stationary vise jaw holder was broken by impact
because it was not touched by the power screw until the movable vise jaw holder broke. A conclusion
is drawn from the failure analysis and a way to improve the design of the broken parts is suggested.
 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
For striving for excellency the finite element usage is not lim-
ited to the engineering field but also extends to medical and
geospatial applications. Rapid advancement in finite element
is due to powerful computer processors and continuous soft-
ware development. In recent years the use of finite element in
engineering was enormously increased. Key factors in finite
element analysis (FEA) are numerical computations that cal-
culate all parameters and boundaries given.– Engi-
Figure 1 A reciprocated hacksaw machine.
(a) Broken stationary and movable vise jaw holders 
(b) Deformed power screw 
Figure 2 Broken parts of the hacksaw machine.
2 E.A. Al-Bahkali, A.T. AbbasA comprehensive broad understanding of many different
failure modes that exist for any given system will be the key
for analyzing any failure of mechanical components. Spanning
a wide range of applications, such as steam turbine engines,
gas turbine engines, plastic structures, machine tools and fix-
tures, compressors, office equipment, pumps, turbine blades,
rotating shafts heating tans, exhaust hoods rotors, turbines,
impellers, and support structures would solve the failure anal-
ysis for industrial equipment components (ABAQUS, 2012).
Fatigue is the gradual deterioration of a material when sub-
jected to repeated loads, normally separated into three stages:
crack initiation, crack propagation (power law growth) and
unstable, rapid growth. The average of the maximum and min-
imum is the mean stress key factor and the variation (differ-
ence between the maximum and minimum) in components.
For alternating fatigue situations most data have been devel-
oped for fully reversing an application; however, there are
techniques for applying these data.
The designers of machines or structures must achieve
acceptable levels of performance and at the same time, assure
the part is safe and durable. Therefore, it is necessary to avoid
excess deformation, such as bending, twisting, or stretching, of
the machine’s components. In addition, cracking in compo-
nents must be avoided entirely to prevent the crack from pro-
gressing to the point of complete fracture (Leonel et al., 2011).
To avoid structural failure, the stress in a component must
not exceed the strength of the material, where the strength is
simply the stress that causes a deformation or fracture failure.
Failures in mechanical structures occur due to various reasons.
Boyer et al. (1975) showed that failures could occur due to
mechanisms and environmental factors. He also suggested that
failure analysis of a metal structure requires identifying the
type of failure mode. The failure mode is classified as either
a deformation or fracture. Layer et al. (2002), Irisarri and
Silveria (2010) concluded that the process of identifying a fail-
ure mode is complicated because different techniques can be
used to determine the actual cause of failure.
Linder and Armero (2009), they are concerned with the
numerical modeling of crack branching in brittle materials
using finite elements with embedded strong discontinuities,
that is, discontinuities in the displacement field defining
the solution of the underlying boundary-value problem. InPlease cite this article in press as: Al-Bahkali, E.A., Abbas, A.T. Failure analysis of
neering Sciences (2016), http://dx.doi.org/10.1016/j.jksues.2015.12.007particular, new finite elements are developed in this framework
accommodating the different branches of the bifurcating dis-
continuity in the element interior. The key aspect of these
developments is the correct representation of the kinematics
of these configurations. This is accomplished through the iden-
tification of the proper separation modes characterizing these
solutions and their incorporation in the discrete strain field
of the finite element. The resulting enhanced modes are acti-
vated based on a branching criterion depending on the velocity
of the crack tip. The performance of the new elements is illus-
trated with several numerical simulations involving other
approaches for the treatment of branching and comparisons
with available experimental results.
Travasˇ et al. (2009), investigated the influence of loading
rate on the failure mode of the beam parametric. The numer-
ical results are evaluated, discussed and compared with test
results known from the literature. It is shown that the beam
resistance and failure mode strongly depend on loading rate.
For lower loading rates beam fails in bending (mode-I frac-
ture). However, with increasing loading rate there is a transi-
tion of the failure mechanism from bending to shear. Results
are in good agreement with theoretical and experimental
results known from the literature.
The reason of the crankshaft fracture of the air compressor
has been analyzed through the chemical composition, mechan-
ical properties, macroscopic feature, microscopic structure and
theoretical calculation methods. The analysis results show thatvise jaw holders for hacksaw machine. Journal of King Saud University – Engi-
Figure 3 Load types affecting vise jaws in a hacksaw.
Failure analysis of vise jaw holders 3the crankshaft which has obvious fatigue crack belongs to fati-
gue fracture. The fatigue crack initiated from the fillet region
of the lubrication hole because of the high bending stress con-
centration which is caused by both the small fillet and the
misalignment of main journals. The crankshaft fatigue fracture
was only attributed to the initiation and propagation of the
fatigue cracks on the lubrication hole under cyclic bending
and torsion. The high bending loading bending level is the root
cause of the failure (Li et al., 2015).
Premature failure of a tie bar made of AISI 4140 steel in a
150 tonne plastic injection-molding machine has been ana-
lyzed. Although the nominal tensile stress acting on the tie bars
(95.5 MPa) is far lower than the yield strength of this material
(750–900 MPa), the tie bars are subjected to a pulsating cyclic
loading during the plastic molding process. The failure was
found to occur at the root of the first thread by transverse fati-
gue fracture induced by a pulsating tensile stress with multipleTable 1 Chemical composition of vise jaw holders.
Element Weight %
C 4.3
Si 2.13
Mg, So, P 0.625
Fe 92.945
Totals 100.00
Please cite this article in press as: Al-Bahkali, E.A., Abbas, A.T. Failure analysis of v
neering Sciences (2016), http://dx.doi.org/10.1016/j.jksues.2015.12.007points of high stress concentration. The high stress concentra-
tions appear to have been introduced by a combination of
improper molding parameters resulting in uneven tensions in
the four tie bars and aggravated by the presence of some
material defects. The material defects observed are inclusions,
presence of some retained austenite and fine cracks. A hydrau-
lic clamping mechanism rather than a toggle clamp mechanism
for the mold will minimize the cyclic strain on the tie rods
(Sasikumar et al., 2006).
A failure of a first stage compressor blade of a Gas Turbine
Generator in a Gas Treatment plant caused severe mechanical
damage to the compressor section and power supply troubles.
In this paper, the blade failure is investigated by mechanical,
metallography and chemical analysis. A finite element analysis
is performed on the blade geometry to identify the stress con-
centration areas and the stress/strain values. The investigation
outcomes provided the most probable cause of the premature
blade failure and the recommendations to mitigate such inci-
dents (Maktouf and Saı¨, 2015).
Francis et al. (2012), this paper characterizes the failure of a
polymeric clamp hanger component using finite element
analysis coupled with experimental methods such as scanning
electron microscopy; X-ray computed tomography, and
mechanical testing. Using Fourier transform infrared spec-
troscopy, the material was identified as polypropylene. Inter-
nal porosity that arose from the manufacturing procedure
was determined using three dimensional X-ray computed
tomography. From static mechanical experiments, the forcesise jaw holders for hacksaw machine. Journal of King Saud University – Engi-
Figure 4 A microscopic picture shows the amount of graphite flakes.
Table 2 Mechanical properties of gray cast iron ASTM 25.
Tensile strength
(MPa)
Compressive strength
(MPa)
Modulus of elasticity
(GPa)
Endurance limit
(MPa)
Brinell
hardness
Fatigue stress concentration
factor Kf
179 668 100 79 174 1.05
4 E.A. Al-Bahkali, A.T. Abbasapplied on the component were determined and used in a finite
element simulation, which clearly showed the process of frac-
ture arising from the pre-existing processing pores. The frac-
ture surfaces were observed under a scanning electron
microscope confirming the finite element simulation results
illustrating that low-cycle fatigue fracture occurred in which
the fatigue cracks nucleated from the manufacturing porosity.
Tadic et al. (2011), presented in this paper are the
results pertaining to technical condition diagnostics, redesign,
and analysis of its effects for a complex mechanical system
of a polypropylene yarn twisting machine. Twelve twistingFigure 5 Movable vise jaw showing
Please cite this article in press as: Al-Bahkali, E.A., Abbas, A.T. Failure analysis of
neering Sciences (2016), http://dx.doi.org/10.1016/j.jksues.2015.12.007machines were installed on a polypropylene yarn production
line. Due to design flaws and manufacturing errors, the
winches were soon prone to failures and an unacceptable level
of vibrations. Owing to insufficient structure rigidness, errors
in design, manufacturing errors, and a high level of vibrations,
the majority of twisting machines developed cracks in their
foundation framework. FEM analysis was used with experi-
mentally measured displacements in the crack zone to define
stress distribution. Also shown in this paper is the method
for measurement and analysis of the vibration signal during
the winch run-up, with the aim to determine resonance zonesthe location of crack initiation.
vise jaw holders for hacksaw machine. Journal of King Saud University – Engi-
Figure 6 Stationary vise jaw showing the location of crack initiation.
Table 3 Number of elements used in different models.
Model Movable vise
jaw holder model
Stationary vise
jaw holder model
Part 12,316 13,934
Visa jaw 21,122 28,474
Visa jaw bed N/A 14,690
Failure analysis of vise jaw holders 5and a condition analysis of the twisting machine framework.
In order to make the winches fully operational, a redesign of
the mechanical structure was performed. The level of vibration
was measured again at the characteristic framework parts, and
FEM analysis of the foundation framework was used to ana-
lyze the effects of the redesign. The vibration measurements
and results of FEM analysis proved that the redesign was suc-
cessful, showing that the measures undertaken made this sys-
tem fully operational again.
Urquiza et al. (2014), this paper shows the results of the
failure analysis of a 105 MW Kaplan turbine auxiliary shaft
from a hydropower plant. As a part of the failure analysis,
the turbine operation history was revised and the metallo-
graphic study was done. A sample of the cracked turbine shaft
was examined using optical microscopy and scanning electron
microscopy. Failed auxiliary shaft was coupled to the main
turbine shaft and its principal function was turning the runner
blades according to flow direction. In order to complement the
cause of failure, a finite element analysis (FEA) was done to
calculate the stress level under the maximum and minimum
turbine blade inclination position. The results of the present
investigation showed that failure was caused by high cycle
and low stress fatigue. The presence of a stress concentrator
on the turbine shaft was a crucial factor to the fatigue
crack-initiation phase. The FEA revealed also that frequentlyPlease cite this article in press as: Al-Bahkali, E.A., Abbas, A.T. Failure analysis of v
neering Sciences (2016), http://dx.doi.org/10.1016/j.jksues.2015.12.007load variations, shown in the operation history, could have
contributed to the crack propagation.
The piston engine of the training aircraft malfunctioned
during the flight due to the cracking of its cylinder head
(CH), which is manufactured from an aluminum casting alloy.
Based on the fractographic examination of the mating fracture
surfaces, the characteristic ratchet and beach marks were
observed indicating the occurrence of fatigue failure. The crack
was initiated from multiple origins located on the inner flange
fillet on the exhaust side of the CH. The metallography exam-
ination has shown that the fatigue was promoted from preex-
isting material defect due to an elevated presence of shrinkage
pores at the crack initiation zone and was most likely associ-
ated with the manufacturing process of casting. The finite ele-
ment (FE) method, utilized to determine the stress state of the
CH subjected to gas pressure, also confirmed that the crack
origin was located at the most stress area (Krstic et al., 2013).
Chavez et al. (2015), this paper presents the analysis of a
16-bucket Pelton impeller from a hydroelectric plant in Colombia,
a plant with two turbo generators with a nominal capacity of
2.33 MW each. Multiple cracks were detected one year subse-
quent to geometry reconstruction welding repair. Metallo-
graphic analyses were performed on the impeller zones near
the cracks, including an analysis of the fracture surface, a com-
putational simulation of the fluid dynamics using finite volume
software that permitted the establishment of the impeller’s
load state and a simulation via finite element analysis to deter-
mine the state of the impeller’s nominal stress. It was con-
cluded that the material presented multiple defects such as
non-metallic inclusions and micro-cracks, and trapped slag
was found in the filler material. The computational
fluid dynamics analysis permitted the identification of low-
pressure zones caused by an inadequate geometry for the
bucket profile where cavitation is present. The finite elementise jaw holders for hacksaw machine. Journal of King Saud University – Engi-
Figure 7 Movable and stationary visa jaw holder models.
Figure 8 The finite element mesh for movable and stationary vise jaw holders.
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Figure 9 von Mises stress contour for movable vise jaw holder model.
Figure 10 von Mises stresses for stationary vise jaw holder model.
Failure analysis of vise jaw holders 7analysis permitted the identification of critical points on the
bucket zone neck, coinciding with the crack found. This zone
is under tensile stress due to the effects of centrifugal force
and compression when the bucket comes in contact with the
jet, causing fatigue.
The failure analysis of two slipper couplings showed that
both couplings fractured as a result of fatigue. In both cases,
the fracture started in the corner between the paddle and the
coupling body and propagated around the corner. Both
fractures are caused by deficient design of the fillet between
the paddle and the coupling body with high stress concentra-
tion. In order to extend actual service life, three design modi-
fications have been considered. Numerical analysis showed
that redesign of coupling by stiffener between the paddle and
the coupling body reduces maximum local and actual service
life of couplings can be improved from finite to infinite
(Domazet et al., 2014).
The working principle of the Wells turbine, used in the
ocean energy extraction, can sometimes lead to stall in the tur-
bine blades and stators’ vanes, which is an unintended action
considering that it creates potentially damaging conditions to
the mechanical components, plus reducing the efficiency of
the take-off system. This work focused on the cracking damage
caused to the earth-side guide vanes of the Pico Island Wave
Power Plant due to the loading from turbulent air flow and
consequent vibrations, as a result of turbine stall. Comprehen-
sive analysis of the design and manufacturing phases, as well asPlease cite this article in press as: Al-Bahkali, E.A., Abbas, A.T. Failure analysis of v
neering Sciences (2016), http://dx.doi.org/10.1016/j.jksues.2015.12.007of the constitutive metal properties (AISI 316L stainless steel),
including the consequences of welding, was carried out. Strain
gages were used to evaluate the loading profile in real-sea
working conditions and different suggestions were made in
order to postpone and prevent crack nucleation and propaga-
tion. The appearance of cracks seems to have been caused by
mistakes made at both design and manufacturing phases, elim-
inating from the guide vanes the ability to endure the aggres-
sive loads which they were subjected to. Lack of an active
control strategy on the power plant resulted in consistent tur-
bine stall events, thus contributing to the excessive loadings
imposed to the vanes (Vieira et al., 2015).
Fracture failure analysis of an agitator shaft in a large ves-
sel is investigated in the present work. This analysis methodol-
ogy focused on fracture surface examination and finite element
method (FEM) simulation using Abaqus software for stress
analysis. Results show that the steel shaft failed due to inade-
quate fillet radius size and more importantly marking defects
originated during machining on the shaft. In addition, after
visual investigation of the fracture surface, it is concluded that
fracture occurred due to torsional–bending fatigue during
operation (Zangeneh et al., 2014)
The hacksaw machine is a machine tool designed to cut
material to a desired length or a certain shape. The hacksaw
machine draws a blade with cutting teeth through a workpiece
and is faster and easier than a hand hacksaw. The hacksaw is
used primarily to produce an accurate cut on the workpiece.ise jaw holders for hacksaw machine. Journal of King Saud University – Engi-
Figure 11 Comparison between the finite element models and the physical parts.
8 E.A. Al-Bahkali, A.T. AbbasThe reciprocating hacksaw machine is a repetitive up-and-
down or back-and-forth motion. This motion is found in a
wide range of mechanisms, including reciprocating engines
and pumps and is used for square or angle cuts in a workpiece.
Fig. 1 shows a typical type of reciprocating hacksaw machine.
The main parts of the hacksaw machine are the base, vise,
and frame. The power of the hacksaw is typically determined
by the largest piece of metal that can be held in the vise and
still be sawed. Occasionally, the vise jaw holders of the hack-
saw break due to heavy loads, as shown in Fig. 2. These bro-
ken parts are the stationary and movable vise jaw holders and
the connecter power screw between them. During the investi-
gation, all available data must be collected, examined, and
evaluated to determine the sequence of incidents that led to
the failure. The immediate objective is to find the root causes
of the failure to determine the compensation for the induced
damage, even if the long-term objective is to prevent similar
failures in new applications. Typically, these failure analyses
involve obtaining samples for material analysis and mechani-
cal tests.
In this paper, a failure analysis is performed on the vise jaw
holders and the power screw to identify the failure mode and
to provide recommendations to resolve the problem. A
three-dimensional finite element model for the stress analysisPlease cite this article in press as: Al-Bahkali, E.A., Abbas, A.T. Failure analysis of
neering Sciences (2016), http://dx.doi.org/10.1016/j.jksues.2015.12.007was performed to provide a more realistic and clear
explanation of the failure mechanisms.
2. Analysis of a hacksaw machine
2.1. Force analysis
To perform the stress analysis for the hacksaw parts, it is extre-
mely important to determine the maximum forces. The forces
are from the tightened threaded screw of the vise and from the
maximum acceleration of the slider link of the hacksaw mech-
anism, as shown in Fig. 3.
2.1.1. Force coming from the threaded screw
The power screw of the hacksaw machine is a single square-
thread screw. The major diameter of the screw is 26 mm, and
the pitch is 5 mm. To tighten the power screw, it is important
to understand the concepts of the preload and maximum load
the power screw can withstand. The preload force, Fi, for non-
permanent connections can be calculated by:
Fi ¼ 0:75Fp ð1Þ
where Fp is the proof load and is obtained from:vise jaw holders for hacksaw machine. Journal of King Saud University – Engi-
Failure analysis of vise jaw holders 9Fp ¼ At 0:85Sy ð2Þ
where At is the tensile stress area.
For the case of our hacksaw machine, its geometry is the
following: major diameter D= 26 mm, minor diameter
d= 20.5 mm, and mean diameter dm = 23.25 mm. The tensile
stress area can be calculated using the pitch diameter
dp = D  0.649519 = 22.75 mm. Thus, the preload force Fi
is 54.24 kN for low-carbon steel (Sy = 225 MPa). This preload
force is the maximum load that the power screw can withstand.
If the load exceeds this limit, it could lead to plastic deforma-
tion of the power screw.
Hence, the wrench torque, which has a built-in dial that
indicates the proper torque, is used to apply a load below
the specified preload.
2.1.2. Force from the slider link
The force that transmits to the vise jaw holders from the slider
link is a result of the motion of the mechanism of the work-
piece. Based on the analysis of a hacksaw machine with a horse
power of 2.2 kW and crank shaft angular velocity of 180 rpm,
the maximum acceleration of the slider link is 50 m/s2 (see
Fig. 3). Thus, to calculate the force of the link (Norton, 2004),
Fs ¼ mð _dþ lgÞ ð3Þ
where m= the mass of the slider link (25 kg based on our lab
calculation), l= the friction between the saw and the work-
piece, _d= acceleration of the slider link (m/s2), g= gravity
acceleration (m/s2).
Thus, the maximum slider force is Fs = 1200 N, and the
minimum force is zero.
2.2. Material analysis
The material analysis was conducted using a scanning electron
microscope (SEM) to identify the materials used to manufac-
ture the vise jaw holders. Table 1 shows the chemical compo-
sition of the parts. Fig. 4 shows the amount of graphite present
and the shape, size, and distribution of the graphite flakes. It is
clear from the material analysis that the material is gray cast
iron. Another material test was conducted, the Brinell hard-
ness test, to verify the type of material used. The analysis
showed that the hardness of the material was 174 HB, which
confirmed the result that the material is gray cast iron. Based
on the analysis performed above, the material properties
according to the American Society for Testing and Materials
(ASTM) and (Krause, 1969) are shown in Table 2.
2.3. Visual inspection
Parts fail because their stresses exceed their strength. The type
of stresses that cause the failure could be tensile, compressive,
or shear. Failure depends on the material and its relative
strengths in tension, compression, and shear. Failure also
depends on the type of the loading (static or dynamic) and
on the presence or absence of cracks in the material. Static
loads are slowly applied and remain essentially constant with
time. Dynamics loads are either suddenly (impact) applied
loads or repeatedly varied with time (fatigue loads), or both.
Fatigue failures always begin at a crack. The crack may have
been present in the material since its manufacture, or the crackPlease cite this article in press as: Al-Bahkali, E.A., Abbas, A.T. Failure analysis of v
neering Sciences (2016), http://dx.doi.org/10.1016/j.jksues.2015.12.007may have developed over time due to cyclic straining around
stress concentrations. Fatigue cracks generally begin at a notch
or other stress concentration. Thus, it is critical that dynami-
cally loaded parts be designed to minimize stress concentra-
tions. A close inspection of the failed components reveals the
following modes of failure:
 A crack occurred in both the stationary and movable vise
jaw holders.
 The power screw was subjected to a large deformation.
 In the movable vise jaw, the crack initially began near the
inside hole, as shown in Fig. 5 shows.
 In the stationary vise jaw, the crack initially began from the
side, as shown in Fig. 6.
This observation suggests that the parts were subjected to a
large load. To investigate these failures further, a finite element
model was developed to understand the mechanism of failure
that causes the vise jaw holders to fail and is discussed in the
next section.
3. Finite element modeling
The art of finite element analysis lies in the representation of a
real mechanical structure and its loading by a mathematical
model, which can then be analyzed. An accurate and efficient
idealization was attempted to create a model as similar as pos-
sible to the real structure from the geometric and loading point
of view. Two finite element models were considered in the pre-
sent work. The considered models were the stationary vise jaw
holder and the movable vise jaw holder. Fig. 7 shows the con-
figuration, constraints and loading conditions for both models.
The mechanical boundary conditions associated with the
finite element model can be summarized as follows:
3.1. Movable visa jaw holder
1. On the base of the vise jaw, uy = 0, is imposed.
2. Inside the hole of the movable vise jaw holder, the direction
of the uz is fixed.
3. The model is subjected to a maximum constant tensile force
of Fi + Fs = 55.44 kN at the face of the vise jaw.
3.2. Stationary visa jaw holder
1. On the side edge of the vise jaw bed, uz = 0 and the rota-
tion uRx about the x-axis is zero.
2. Inside the hole of the stationary vise jaw holder, the direc-
tion of the uz is fixed in only half of the hole.
3. The model is subjected to a maximum constant tensile force
of Fi + Fs = 55.44 KN at the face of the vise jaw.
3.3. Finite element mesh
The finite element computation was performed using ABA-
QUS/Standard. The finite-element meshes of these models
were generated using eight-node-linear brick reduced integra-
tion elements (C3D8R). Fig. 8 shows the FE meshes for bothise jaw holders for hacksaw machine. Journal of King Saud University – Engi-
10 E.A. Al-Bahkali, A.T. Abbasmodels. Table 3 shows the number of elements for the different
models that were used in the current study after several refined
meshes to insure the conversion of FE results.
3.4. Finite element result
A contour plot for both vise jaw holders was obtained. Fig. 9
shows the von Mises stress contour for the movable vise jaw
holder model. Different sections were created to identify the
location of high stress. Fig. 10 shows the von Mises stress con-
tour for the stationary vise jaw holder model. Again, different
sections were made to identify the location of high stress.
3.5. Discussion
The broken parts of the hacksaw machine were first analyzed
to determine its material, dimension, and the maximum load
that it could be subjected to. By analyzing the broken parts,
we found that the material used to manufacture these parts
was gray cast iron. In addition, the power screw was subjected
to a high load, which deformed the power screw and exceeded
its preload limit. After analyzing the hacksaw machine using
Abaqus/Standard, the results showed that the location of the
maximum stresses that lead to fracture were identical to the
location of the fracture in the broken parts, as shown in
Fig. 11. Moreover, the stationary vise jaw holder was not
directly broken because the stationary part was not touched
by the power screw until the movable part was broken.
4. Conclusion
Vise jaw holders of a hacksaw break due to accidental heavy
loads. With the objective of investigating the failure of these
components, a three-dimensional finite element model was cre-
ated. The material of the broken parts was identified, the CAE
model was built, and the hacksaw mechanism was analyzed to
determine the actual applied loads on the broken parts. After
analyzing the model using Abaqus/Standard, the results
showed that the location of the high stresses was identical with
that of the original broken parts. Furthermore, the power
screw was subjected to a high load, which deformed the power
screw. Also, the stationary vise jaw holder was broken by
impact because it was not touched by the power screw until
the movable vise jaw holder was broken. To avoid this human
error, a wrench torque, which has a built-in dial that indicates
the proper torque, could be used to develop the necessary load
required to hold the workpiece. We could also improve the
design of the vise jaw holders by adding a fillet at sharp edges
and using a more ductile and higher strength material.
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